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ABSTRACT
Atta cephalotes or leaf-cutting ants (Hymenoptera, Formicidae) exhibit strong
polymorphism over the life span of a single colony. This polymorphism effects foraging
efficiency and is linked to overall social complexity. In this study, I quantified the degree
of variance in head size and femur length in six colonies, as well as presence of a soldier
class, and compared these results to the relative size of each nest as determined by a
survey of foraging intensity. It was found that variance in the head and femurs and the
presence of soldiers was significant different between small and large colonies, and this
was related to increasing colony size.

RESUMEN
Atta cephalotes o zompopas (Hymenoptera, Formicidae) exhiben el polimorfismo fuerte
sobre la vida de una colonia. El polimorfismo afecta la eficiencia y complejidad social
general. Yo cuantifiqué el grado de variación en el tamaño de cabeza y la longitud de
fémur en seis colonias. Vi para la presencia de una clase de soldado, y comparé los
resultados al tamaño relativo de cada nido como determinado por una inspección de la
intensidad de trabajo. Se encontró que variación en la cabeza y fémures y en la presencia
de soldados eran significativos diferentes entre colonias pequeñas y grandes, y fue estado
relacionado con el tamaño creciente de la colonia.

INTRODUCTION
The evolution of polymorphism in ant colonies is a well-studied phenomena that occurs
in 15% of all described ant genera. Ants are homometabolous insects, with variations in
adult size determined by a "critical size" of growing larvae, which is influenced by
selective feeding at different larval stages (Wheeler, 1991). Thus ant colonies are able to
alter the composition of worker size over the life span of a single nest.
Polymorphism in a eusocial society, such as an ant nest, is important in the division
of labor, allowing colonies to act as a super-organism performing tasks that no single

individual could complete (Wilson, 1971). Variance is especially helpful if it allows a
specialized individual to perform a specific task better than a generalist (Gautrias et al,
2002). However, small colonies cannot afford to become overly specialized because of
fluctuations of demand for specialized tasks early in a colonies life that can limit the
usefulness of a specialized worker. Thus, colonies will not exhibit marked
polymorphism until colonies reach at least a moderate size (Anderson and McShea,
2000).
Division of labor and specialization is of particular importance in the highly
complex colonies of Atta cephalotes (Formicidae, Myrmicine), commonly known as
leaf-cutting ants. The ant tribe attini, of which Atta cephalotes is the most recently
evolved (Wetterer et al, 1998), is unique among insect species in that its members
maintain a symbiosis with fungi to provide a primary food source for queens and larvae
(Mueller et al, 2001). These ants have evolved to specialize in the creation and
maintenance of fungal gardens inside nest structures. The ants actively encourage the
growth of the fungi by collecting fresh leaves on which the fungus can grow (Wilson,
1971).
Atta cephalotes is one of the best-studied ant societies in the world due to their role
as a major agricultural pest, their conspicuous trail systems and their intricate social
structure (Holldobler and Wilson, 1990). This species is confined to the neo-tropics, and
could cause massive ecological damage if it were ever spread to other tropical systems
because of its efficiency in large-scale defoliation and propagation in disturbed habitats
(Wilson, 1971). Young colonies are established during the beginning of the rainy season
when clouds of fertilized queens leave the mature colonies in search of suitable nesting
sites. Mortality of queens at this stage is estimated at 90% (Stevens, 1983). Queens bring
a small packet of their symbiotic fungus with them for the beginnings of a fungal garden,
which will eventually provide food for all developing larvae (Holldobler and Wilson,
1990). During the first year of a colonies life, nests are inconspicuous mounds with
small workers which cut the soft leaves of understory plants in proximity of between 1 m
and 5 m of the nest. Nests reach maturity at three or four years of age and build massive,
conspicuous, many chambered nests with separate compartments for fungal gardens,
refuse and the raising of the brood. Mature Atta cephalotes nests posses some of the
largest population numbers of any ant species, with some excavated nests estimated at
8,000,000 workers. Mature nests also create and maintain cleared foraging trails along
the ground of a forest to facilitate rapid transportation of leaf fragments from as far as 50
m away (Holldobler and Wilson, 1990).
In these colonies, morphological skew is vital for the harvesting of fungal
substrate, as workers ants must be of a certain size to posses mandibles large enough to
cut through fresh leaves (Leal and Oliveira, 1998), and yet must have workers small
enough to efficiently tend the fungal gardens (Holldobler and Wilson, 1990). This
causes a noticeable progression of resource use as an Atta colony matures. Small
colonies show smaller worker variation and smaller overall worker size, necessitating the
cutting of short shrubs and soft herbaceous material. Large colonies have large workers

able to cut fresh, tough leaves from nearly all trees near a nest, minima for the care of
larvae and the tending of fungal gardens, and soldiers specializing in trail maintenance
and colony defense (Wetterer, 1994). Mature colonies are able to use approximately half
of all leafing species near their nests (Cherrett, 1968). Leaf fragments are fed to a species
of fungus that has been co-evolving for million years to produce excellent yields of
fruiting bodies high in nutrients from a wide variety of plant families (Stradling and
Powell 1986). The colonies have become specialized to use the nutrients provided by this
fungus for the feeding of the queen and the raising of broods. Fungivory has effectively
allow Atta cephalotes a generalist diet that has made them one on the most prolific species
in neo-tropical forests.
Polymorphism can be quantified in Atta cephalotes by the range of head sizes
amongst workers. A colony of Atta cephalotes will begin its existence with a small
variance in ant size, possessing head spans ranging from 0.8-1.6 mm. This is the
smallest range possible for collection of leaf substrate and processing of leaves for
inclusion in the fungal gardens. These young colonies are also notable in their lack of a
soldier class. Large colonies, with the inclusion of the soldier class, can posses ants with
a head range form 0.7 mm- 5.0 mm (Holldobler and Wilson, 1990).
Leg size is also important in the progression of polymorphism in Atta as it allows a
direct correlation with the speed of workers. Larger workers have correspondingly larger
strides, allowing quick passage over rough trails and leaf litter (Burd, 1996). The overall
tempo of a colony has been linked to complexity, with a corresponding increase in the
overall efficiency of a nest (Anderson and McShea, 2000). Resources can be collected
faster and trails can be extended up to 50 m with increased worker size, resulting in
further growth of colony size and increased production of reproductives (Holldobler and
Wilson, 1990).
This study seeks to link the size of colony with the amount of variance displayed in
head and femur size of foraging Atta cephalotes. I predict that small colonies will be
limited in their range of expressed forager polymorphism due to the constraints of a small
number of workers to complete a wide range of duties. This will also prevent the
creation of an energetically expensive soldier class.

METHODS
Study site
Data was collected in and near Monteverde, Puntarenas, Costa Rica between April 23rd
2003 and May 10th 2003 in a pre-montane wet forest (Holdridge, 1967). Six nests of Atta
cephalotes were located and observed to determine foraging times and relative colony
size.
For nest A, B, C and D, data was collected at the end of the dry season, with no
noticeable precipitation during the observation period. These four nests were located at
the Ecological Farm of Monteverde. All foraging trails for each nest were observed, and
the most active was used. Foraging data was collected by using a hand counter to tally

every ant returning to the nest that crossed a line one meter away from a colony entrance.
The test was conducted for one minute, once an hour, for 24 hours. This data was used to
determine peak foraging time. It was assumed that collecting at the peak foraging time
for a nest would result in the best representation of worker variance. Therefore, 50
workers from each nest were collected as randomly as possible as they returned along a
foraging trail to the nest during the peak foraging time observed.
The remaining two nests were located at the farm of Licho Arguedas in the small
rural town of Cañitas, Puntarenas, Costa Rica. Foraging data was collected in the same
manner as described above. However, the nests were only observed for six hours, from
18:00 to 0:00, with 50 ants collected from each nest at 0:00. Ants for nest E were
removed directly from the cone of the nest because of lack of foragers. This data was
also collected at the end of the dry season. However, rain occurred late in the afternoon
on the day of observation, which may have affected foraging intensity (Rockwood, 1975).
Presence or absence of soldiers was observed and noted along foraging trails. A
colony opening was also probed with a stick in an attempt to solicit a defense response.
Ant measurements.
After collection, ants were killed by placing cotton swaps soaked in acetone inside their
collection bags. The size of the hindmost femur and the widest point of the head was
then measured using Olympus dissecting microscope. Measurements were taken at 0.8
X, 1.0 X, 1.5 X and 2.0 X, which ever would allow the finest grain of observation.

RESULTS
Foraging Intensity
A total of 4869 ants were observed at six nests. All nests were shown to be nocturnal,
with peak foraging times occurring after sunset at 18:00 and before the 6:00 sunrise (Fig.
1). The relative size of each colony was inferred by adding up the observed intensity for
each hour (Fig. 2). To account for the lack of 24 hours of data for nests E and F, a sum of
intensity of each nest was made for the six hours (18:00-0:00) in which nests E and F
were observed. These numbers were used to rank the size of the colonies for further
analysis (Table 1).
Worker Variance
Observed head size was between .9 mm and 5.2 mm for all nests. Mean head size and
variance was also tabulated for each colony (Fig. 3). Head sizes were subjected to an
unpaired t-test to test for a significant variance amongst nests (Table 2).
For head size, nest F had smaller variance than the large nests A, B, C and D and
significantly different variance than the smallest nest, E. Nest E had smaller variance
than all other nests (Fig. 3). Nest E also had significantly different variance from all
other nests (un-paired t-test: p<0.0001, Table 2).
The four largest nests A, B, C and D gave distinct results for head size. Nest C

showed a significant difference only between the two smallest nests E and F (un-paired ttest, Table 2). Nest A, the largest according to foraging behavior, showed the least
variance amongst the four large colonies (Fig. 3). Nest B had the largest variance (Fig
3.), and was significantly more varied than all nests but C, which had the second largest
variance. Nests A, C and D had intermediate variance, showing no significant difference
amongst each other but significant variance from B, E and F (un-paired t-test, Table 2).
Observed femur sizes were between 1.5 mm and 6.1 mm. Nest E showed
significant difference from all other nests (un-paired t-test: p<0.0001,Table 2). However,
Nest F showed significant difference only with the nest with the most variance, B (unpaired t-test, Table 2, Fig 4). The four largest nest A, B, C and D showed no significant
variance amongst themselves for femur length (un-paired t-test, Table 2, Fig. 4).
Presence of Soldiers
The largest four nests A, B, C and D all showed a soldier class presence on foraging trails
and in a defense response to disturbance of a colony entrance with a stick. For the two
smallest colonies E and F, soldiers were seen neither on trails nor in response to
disturbance with a stick.

DISCUSSION
Colony size in ant nests has been directly correlated to increased specialization of
workers, with specialization causing an increase in efficiency for individual ants
(Anderson and McShea, 2000, Guartrais et al, 2002). Polymorphism in Atta cephalotes is
similarly correlated with colony size, with larger colonies showing increased
polymorphism and therefore increased efficiency (Holldobler and Wilson, 1990). Lack of
head size polymorphism most likely correlates with a decrease in the percent of nearby
plant species that can be harvested (Leal and Oliveira, 1998). Lack of polymorphism and
overall smaller leg size limits the range of workers and the energetic efficiencies of long
trails (Burd 1996), further limiting the resource base small colonies have for inclusion in
the fungal substrate.
Results show that an increasing colony size increased worker polymorphism in the
colonies studied, with the variance of workers on a foraging trail somewhat skewed
toward smaller individuals as predicted by Stradling (1978).
The smallest two colonies E and F showed significantly different variance in
worker size than the four larger colonies (Table 2) and smaller variance for both head and
femur size (Fig. 3-4). Furthermore, a distinctive soldier class was absent from these two
colonies. The conclusion can be drawn that E and F are immature colonies that have not
yet expressed the maximum range of worker polymorphism.
Trends in the four largest colonies (A-D) are harder to discern. The four nests
were grouped together by a lack of significant variance in femur size (Table 2),
suggesting they exist at a similar tempo and therefore similar level of social complexity.
Tempo is defined as the average running speed of a colony, and is linked to increased

efficiency and novel modes of cooperation such as leaf transfer from slow ants to larger,
faster ants (Anderson and McShea, 2000, Anderson and Jardín, 2001). A pattern for head
size is less concise, with nest B showing almost twice as much variance as any other nest
(Fig. 3), yet ranking second in colony size (Table 1). All four large nests showed similar
foraging patterns (Fig. 1) and the presence of a distinct soldier class suggesting that they
are functioning at a mature level of nest complexity (Holldobler and Wilson, 1990,
Anderson and McShea, 2000). It is also worth mentioning that nests should reach a
plateau of worker polymorphism. A maximum range of head and femur size varience
exists, and even the largest colonies will not show further variance (Holldobler and
Wilson, 1990). Colonies A, B, C and D seem to be at or near this level (Fig. 3, 4).
Discrepancies amongst these nests can most likely be explained by inexhaustive sampling
in the case of A, C and D, with nest B showing the full degree of forager polymorphism
possible (even with the sample size of this study.)
Several problems existed with the study that could be corrected with more time.
First and perhaps most importantly, precipitation occurred on the day of observation for
nest E and F. This may have altered foraging patterns to give misleading intensity data or
altered forager composition (Rockwood, 1975). Another problem stems from the
existence of several major entrance and trails for nests A-D. Care was taken to record the
most active trail. However, the data that led to the ranking of colony size can hardly be
seen as definitive without several periods of repeated observation.
Despite these problems, this study does suggest overall trends in the composition
of foragers in colonies of different sizes. Nests of Atta may exhibit a critical threshold of
colony size that must be reached before showing an expansion of forager polymorphism,
(Anderson and McShea, 2000; Guatrias, 2002). Before this threshold is reached, colonies
must rely on a population of more generalized works to complete all of the various steps
of fungus growing: a soldier cannot tend fungal gardens and a minima cannot cut leaves.
In this study, nests E and F existed below this threshold, as demonstrated by a lack of
head variance in particular. This is strongly supported by the lack of soldiers in E and F,
an excellent indicator of the immaturity of these two nests when compared to the four
larger colonies. Further study of colony size and its effects on polymorphism could shed
light on the establishment and stability of new colonies as they mature from a single
fertilized queen to an assemblage of highly polymorphic individuals that create some of
the largest and most complex societies that occur in nature.
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Fig. 1. Observed foraging intensity. Charts demonstrate individual peak times for nest A
– D. Peak for A was assumed at 3:00; B was assumed at 0:00; C was assumed at 1:00; D
was assumed at 2:00. Nests E and F were only observed for six hours.
_______________________________________________________________________
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Fig. 2. Colony size as a sum of cumulative foraging totals. Grey bars represent data from
the 24-hour collection period. White bars represent the adjusted values used to rank
colony size (see Table 1)
______________________________________________________________________________________________________________
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Fig. 3. Mean size and variance for heads in Atta cephalotes. Grey boxes represent mean
femur size for each colony. Lines above the boxes show the corresponding variance.
______________________________________________________________________________________________________________
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Fig. 4. Mean size and variance for femurs in Atta cephalotes. Grey boxes represent mean
femur size for each colony. Lines above the boxes show the corresponding variance.
______________________________________________________________________________________________________________
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Table 1. Ranked colony size according to observed foraging intensity for a six-hour
period.
______________________________________________________________________________________________________________

Colony
Observed
Intensity
Colony size
rank

A
516

B
457

C
262

D
394

E
1

F
54

1

2

4

3

6

5

______________________________________________________________________________________________________________

Table 2. Matrix for un-paired t-test for significance of variance when head sizes are compared and
when femur sizes are compared. Notice the significant difference for many interactions with
nest E and F.
______________________________________________________________________________________________________________

